La théorie économique suggère que la gestion de plusieurs produits sur chaque hectare de forêt, comme c'est le cas en Colombie-Britannique, est inefficace. Une étude de cas portant sur le secteur Revelstoke de cette province démontre que séparer les activités commerciales liées au bois d'oeuvre de celles non-liées au bois d'oeuvre peut générer des rentes plus importantes tout en offrant une meilleure protection de l'environnement, ce qui comprend la protection d'habitats fauniques importants. La répartition en zones incite à investir des ressources dans la gestion intensive des zones dédiées à la production commerciale du bois d'oeuvre tout en rehaussant la valeur des autres ressources produites. La répartition en zones permet d'éviter les secteurs où la protection du paysage et de l'environnement est particulièrement importante, ce qui n'est pas possible avec les régimes actuels de gestion où l'on gère plusieurs produits. En accordant plus d'importance à la production de bois d'oeuvre il est possible de réduire la base forestière, nécessaire au maintien des niveaux actuels de coupe, de plus de cinquante pour-cent.
INTRODUCTION P roclamation of the Forest Practices Code of British Columbia Act
in 1995 ushered in a fundamentally new approach to forest management in the province. Together with its accompanying components, 1 the Act is undoubtedly the most significant piece of forest legislation
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CANADIAN PUBLIC POLICY -ANALYSE DE POLITIQUES, VOL. XXIV SUPPLEMENT/NUMÉRO SPÉCIAL 2 1998 to be introduced in British Columbia since amendments to the Forest Act (RS 1948, Chap. 128) in 1948 committed the provincial government to a policy of managing forest resources for a sustained yield of timber. The Forest Practices Code (hereafter, the Code) provides a comprehensive, legal framework within which the Crown forestlands of BC are to be managed sustainably. Sustainable is defined as: (i) managing forests to meet present needs without compromising the needs of future generations; (ii) providing stewardship of forests based on an ethic of respect for the land; (iii) balancing productive, spiritual, ecological, and recreational values of forests to meet the economic and cultural needs of peoples and communities, including First Nations; (iv) conserving biological diversity, soil, water, fish, wildlife, scenic diversity, and other forest resources; and (v) restoring damaged ecologies (SBC 1994, Chap. 41, Preamble) .
It is difficult to take exception to the general objectives of the Code. However, the way they are currently interpreted and implemented is not only threatening the continued vitality of British Columbia's forest products industry, by far the province's most important industrial and export sector, but may well be threatening many of the environmental and cultural values the Code is designed to protect (van Kooten and Wang 1997) . Our opinion is that nothing short of fundamental changes in the ways public forests are allotted and administered will ensure that their potential contribution to the socioeconomic welfare of British Columbians can be fully realized and sustained.
In this paper, we argue that a prerequisite for the sustainable management of BC's forests is a definitive approach to land-use zoning that will recognize areas where management for industrial timber production will be given priority. First, some basic economic theory relating to the management of forestland for multiple outputs is reviewed. Next, the evolution of BC public forest policies regarding the production and integration of multiple forest products is discussed. We then describe a case study that compares current integrated forest management practices in BC with an alternative system incorporating zones where commercial timber production is given priority. Finally, some conclusions are drawn concerning the future of forest management planning in BC.
THEORY OF MULTIPLE-USE FOREST MANAGEMENT
The economic theory of multiple-use forest management is based on the theory of the multi-product firm. Gregory (1955) was the first to adapt the techniques used to analyze a firm's optimum mix of outputs to the multiple forest-use problem. This work was elaborated on by Pearse (1969) and further developed by Bowes and Krutilla (1989) . An important contribution of this work is to describe those conditions under which joint production (integrated use) is optimal, or when it is better to produce products within separate, dedicated zones (single use).
Interactions among goods and services produced from the same site can be described in terms of cost relationships. If, at a certain output level for two goods, an increase in the output of one causes the marginal, or incremental, cost of producing additional units of the second good to fall, then the pair of goods are said to be local complements (for example, timber production and outdoor recreation). On the other hand, if an increase in the production of one good causes the marginal cost of producing a second to rise, combined production of these goods displays diseconomies of jointness -they are known as local substitutes or competitive products (for example, timber production and certain types of wildlife habitat, such as that for spotted owl). Finally, if an increase in the production of one good does not affect the marginal cost of producing a second good, then these products are said to be locally independent (for example, watershed quality and wilderness). A pair of goods may exhibit complementarity, substitutability, and independence for the
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Single, or specialized use, is always indicated, in terms of maximizing economic efficiency, where products are either mutually exclusive or highly competitive. This is well recognized in BC in the case of wilderness values and timber harvesting and provides the rationale for the province's Protected Area Strategy (Province of British Columbia 1993). Where products compete for resources on the same sites, but are not highly competitive (e.g., timber production and some types of outdoor recreation), joint production is sometimes, but not always, optimal. Optimum product mixes depend on the relative productivity of the site for the products in question and the relative values assigned to these products.
Spatial separation of competitive products is indicated when diseconomies of jointness, including the transactions costs associated with the coordination of joint product production, exceed the related economies of joint production, including economies of scale. 2 Furthermore, Vincent and Binkley (1993) proposed that where products differ in their responsiveness to increasingly intensive management, it may be more efficient to favour specialization in the product that responds most effectively to management effort.
This analytical framework describes a static environment, whereas, forests are dynamic, thus adding a temporal dimension to the already complex multiple-use problem. In a dynamic world, the ability of a certain forest area to produce a mix of products will depend on the changing composition and age structure of the forest. At the same time, the values humans place on forest products also change, often rapidly. These changing factors contribute to making the planning problems faced by forest managers exceptionally complex. Nevertheless, it is reasonable to assume that within a forest management unit exhibiting a diversity of sites, forest cover and landscapes, maximum net social benefit will be achieved, at any time, by a plan that prescribes a mosaic of single and joint uses.
EVOLUTION OF INTEGRATED FOREST MANAGEMENT IN BRITISH COLUMBIA
Concerns for forest values other than industrial timber in BC have evolved in response to rising demands for non-timber products, the decreasing availability of unoccupied Crown lands, and the pressures of a public increasingly concerned with environmental quality and the conservation of all forest values. While the importance of forests in regulating the supply and quality of water has been recognized in legislation since the early 1900s, and management of forested range has been the responsibility of the BC Forest Service since the early 1920s, a full range of forest values was not officially articulated until the Sloan Royal Commission (Sloan 1945) . Commissioner Sloan expressed the view, probably widely held at the time, that forests managed to provide a sustained flow of industrial timber would ensure that other forest values would follow in sufficient amounts: a sustained yield policy, perpetuating our forest lands, will not only provide a continuity of wood supply essential to maintain our forest industries ..., but will also ensure a continued forest cover adequate to perform the invaluable functions of watershed protection, stream flow and run-off control, the prevention of soil erosion, and providing recreational and scenic areas, and a home for our wildlife and bird life (p. 128).
For three decades following the Sloan Commission, forest management in BC was driven by a sustained yield policy that required old growth to be liquidated and replaced with managed timber crops within one rotation -about 70 to 80 years on the Coast and 100 to 120 years in the Interior. Values
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CANADIAN PUBLIC POLICY -ANALYSE DE POLITIQUES, VOL. XXIV SUPPLEMENT/NUMÉRO SPÉCIAL 2 1998 other than timber, insofar as they were considered at all, were regarded as constraints on the primary goal of timber production. By the 1970s it was apparent that management for sustained timber yield could not in itself ensure adequate production of other forest values. In 1979, the Ministry of Forests Act (RS 1979, Chap. 272) provided the Ministry of Forests with a legal mandate to "plan the use of the forest and range resources of the Crown so that the production of timber and forage, the harvesting of timber, the grazing of livestock and the realization of fisheries, wildlife, outdoor recreation and other natural values are coordinated and integrated, in consultation and cooperation with other ministries of the Crown and with the private sector" (RS 1979, Chap. 272, S.4(c) ).
While changes in forest management practices were slow to follow, growing demands for nontimber values, accelerated old-growth depletion, and rising national and international concern for forest environments during the 1980s precipitated increasing popular interest in the "sustainable development" of forests. This process was further accelerated by pressures from the international environmental movement which, in the early 1990s, condemned forest practices in Canada, particularly BC, and campaigned to organize boycotts in Europe and the United States against Canadian forest products.
In 1991, the Forest Resources Commission recognized that forests in British Columbia had become a focus of economic, environmental, and social conflict and suggested that it was time for fundamental changes in forest policy which would emphasize integrated management for multiple resource values (Haley and Leitch 1992) . To achieve this objective, the commissioners made several recommendations including comprehensive land-use planning, originating at the regional level and involving public participation, and a Forest Practices Act establishing minimum standards for forest practices for all Provincial Crown forest lands.
In 1992, a Commission on Resources and Environment (CORE) was mandated by the BC legislature (Commission on Resources and Environment Act, SBC 1992, Chap 34) to "develop, implement and monitor regional planning processes." CORE concentrated its attention on four regions: Vancouver Island, Cariboo-Chilcotin, West KootenayBoundary, and East Kootenay. Subsequently, Cabinet approved planning frameworks for each of these regions. The focus has now turned from broad regional plans to Land and Resource Management Plans (LRMPs). These are on a smaller scale than the regional plans, typically covering one Forest District or a small group of Districts. Like the regional plans, they involve local stakeholders' participation and subsequent Cabinet approval. They set objectives for all Crown forest uses and broadly consider social and economic issues relevant to forest resource management.
CONTEMPORARY APPROACHES TO INTEGRATED FOREST MANAGEMENT IN BRITISH COLUMBIA
The Forest Practices Code provides the legal framework for a complex planning system designed to achieve sustainable forest management in BC. The key to the implementation of the Code is a hierarchy of planning documents from the "high level" regional and sub-regional strategic plans described above, down to medium-term development plans and detailed operational prescriptions. Each plan must be consistent with all the plans above it within the planning regime.
Regional and sub-regional plans generally recognize four resource management zones. First there are protected areas designated under the Province's Protected Areas Strategy where no industrial resource extraction is permitted. Second, special management zones allow for commercial use but emphasize the conservation of unique features through specific regulations. Third are the general management zones in which commercial timber harvesting and management is closely integrated with other
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The planning process seems to make provision for zones in which intensive timber management is given priority. However, developments to date in setting zonal objectives and practices suggest that all zones, other than protected areas, are managed to produce a broad spectrum of forest values that includes biodiversity at both the landscape and stand levels. These objectives are accomplished, within the provisions of the Code, by using "resource emphasis rules" comprising complex harvesting constraints designed to maintain certain structural features of the forest considered necessary to provide for a sustained flow of non-timber values. In this process, commercial timber production is residualized. Constraints include minimum harvesting ages, harvesting rates, limiting the sizes and controlling the spatial and temporal distribution of harvest cutblocks, and imposing rules that require a cut block to have "greened-up" (that is, to have trees of a minimum size growing on it) before adjacent blocks can be cut. What are the economic consequences of such strategies and will they ensure that the full spectrum of forest values addressed by the Code is sustained? In order to explore these questions, a study was undertaken of alternative multiple forest land-use strategies for the Revelstoke Timber Supply Area (TSA) in the Nelson Forest Region of BC (Sahajananthan 1995; Sahajananthan, Haley and Nelson 1996) .
MULTIPLE LAND-USE STRATEGIES: A CASE STUDY
The Revelstoke TSA has severe resource-use conflicts involving, especially, timber production, wildlife habitat, and the preservation of visual landscape values. The Ministry of Forests has developed a set of management and harvesting constraints, or Resource Emphasis Rules, to address these problems (British Columbia Ministry of Forests 1993a; Price and Blake 1993). The objective is to maintain a continuous flow of timber, wildlife habitat, and visual quality for the TSA as a whole throughout the planning period. Alternative land-use strategies were analyzed for the Akolkolex drainage, a sub-unit of the Revelstoke TSA with a total area of 17,600 hectares and an operable land base of 11,600 hectares, or 66 percent of the total.
Two management systems were compared -the current integrated-use (IU) system and an alternative single-use (SU) system in which certain areas are zoned exclusively for commercial timber production. The timber zone was selected iteratively as a more or less contiguous, accessible area capable of producing a sustainable flow of timber that under less-constrained conditions, is equivalent to the maximum sustainable yield for the study area as a whole achievable under the current management regime. The zone is not optimal but is one example of many alternatives. It is not concentrated on the best timber growing sites of the valley bottoms and lower slopes but includes a range of site conditions and terrains requiring a variety of harvesting methods. Basic environmental protection was provided in the timber zone by reserving riparian buffer strips and other ecologically sensitive sites from harvesting. But constraints designed to provide for wildlife habitat and visual quality were relaxed.
Comparisons of the IU and SU systems included: the volume and composition of the harvest (old growth and second growth) to a 120-year time horizon; road density required to access the sustainable harvest; and the fragmentation of the forest over time as indicated by relative patch sizes of interior forest habitats and the ratio of edge to interior habitats. 3 Simulations of forest harvesting and landscape pattern responses were performed using A Tactical Land Analysis System (ATLAS) (Nelson, Hafer and Shannon 1993) and SIMulator of FORests (SIMFOR) (Daust 1994 Under the current IU management system, the whole of the operable land base (11,670 hectares) of the Akololex drainage is required to provide a sustainable harvest of 14,500 m 3 per annum. Under the SU system, assuming basic silviculture as currently required, the same sustainable timber yield is produced from 5400 hectares, or approximately 46 percent of the operable area.
Under both systems, the volume harvested is exclusively from old-growth stands for about the next 80 years. Beyond about 2070, the old growth within the single-use area is liquidated rapidly and accounts for only about 10 percent of the total volume harvested after 120 years. Under the IU system, harvesting in second-growth stands is introduced more gradually and, after 120 years, oldgrowth timber still accounts for about 75 percent of the total harvest. As the old growth is depleted, and in the absence of more intensive management, a larger area must be logged in order to maintain the sustainable harvest as the volume per hectare recoverable from second growth is lower than for old growth. Thus, after 120 years, 600 hectares per annum will be harvested under the SU system compared to 400 hectares under the IU system. More rapid depletion of old-growth stands under the SU system means that investments in silviculture will show earlier returns than under IU and, thus, are likely to be more economically viable. Furthermore, silvicultural inputs will increase sustainable timber outputs more effectively under SU than under IU or, conversely, will reduce the area necessary to support a certain level of harvesting.
Roads are considered to be a key factor contributing to environmental damage through slope failure, erosion, and siltation of watercourses. By increasing accessibility they also make it more difficult to control human pressures on wildlife populations. Road density was measured in terms of the average length of road opened and maintained during each 20-year planning period and the total length of road constructed to a 240-year planning horizon. For each measure, the length of roads required under the SU system is 35 percent less than under integrated use. This not only mitigates the potential damage caused by road construction but substantially reduces the costs of road building and deactivation and, thereby, increases the net value, or economic rent, generated by the timber resource. Furthermore, under the IU system the whole operable area of the unit will be crisscrossed by a network of active and deactivated roads that compromise ecosystem functions everywhere.
Harvesting constraints in the Revelstoke TSA are designed to protect ungulate wildlife in forested landscapes. The size and isolation of patches of wildlife habitat and the associated edge habitats are good indicators of forest ecosystem fragmentation and are helpful in analyzing the biological consequences of forest practices. A major concern in British Columbia is the rate at which interior habitats are disappearing, particularly those associated with natural old growth. Large patches are likely to accommodate a mosaic of habitats. The higher the level of fragmentation, the lower the availability of various critical habitats. This is particularly important for certain species that require a minimum size or specific arrangement of patches, such as the spotted owl in southwestern BC (Gutierrez and Carey 1985) . Important issues, therefore, are the identification of suitable patches that will have practical conservation values and how to manage them in order to retain these values.
Analysis of the IU and SU systems for the Akolkolex drainage shows that the SU system provides less small patches of interior forest and more large patches than the IU system. Furthermore, and
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CANADIAN PUBLIC POLICY -ANALYSE DE POLITIQUES, VOL. XXIV SUPPLEMENT/NUMÉRO SPÉCIAL 2 1998 perhaps more critical, under the IU system the area within "very large" patches, in excess of 1000 hectares, completely disappears for considerable periods of time with potentially disastrous effects for some species requiring interior habitats. Under the SU system, most of the large patches will be maintained permanently in non-timber zones. In the case of the IU system, however, the patches will vary temporally in their size, distribution, and composition as dictated by harvesting patterns. A "large" patch (501 to 1000 hectares) in a particular period may either aggregate with other patches and grow into a "very large" patch, or it may be further fragmented into "small" patches (0 to 100 hectares) and/or "medium patches" (101 to 500 hectares). This "floating patch" phenomenon, involving a systematic movement of patches across the landscape, is likely to create synthetic communities, constantly adapting to the changing balance of interior and edge habitats. The species that are considered endangered through the loss of old-growth forests may well be pushed to the brink of extinction under the prevailing IU management system. Similarly, analysis of the distribution of edge habitat shows that under the IU system the ratio of edge habitat to interior habitat, for most of the 120-year planning horizon, is more than double that in the SU system. Currently, the ratio of edge to interior habitat in the Akolkolex drainage is approximately 0.11. Under the current IU system, this will rise steadily to 0.15 over the next 40 years, while under the SU system it will decline to 0.05.
CONCLUSIONS
Economic theory suggests that managing every hectare of forestland for multiple products is inefficient, particularly when mutually exclusive or highly competitive products are involved or when the economies of joint production are outweighed by their diseconomies. While the study described in this paper does not attempt to prescribe an optimum multiple land-use plan, it does demonstrate that spatially separating commercial timber activities from certain non-timber ones can lead to higher timber rents. In addition, it is possible to maintain or enhance timber supplies and afford better protection for the environment, including critical wildlife habitats. It is possible to reduce the area required to maintain timber production at current, long-run, sustainable levels to less than 50 percent of the total area currently under management for timber and other products. This is accomplished by designating certain areas for intensive timber management and other areas as ecological reserves and riparian strips, but relying on basic silviculture and environmental protection within this timber zone. With more intensive management, this proportion may be reduced further or, alternatively, the sustainable harvest might be enhanced in terms of volume and/or value. This means that in 50 percent or more of the management unit outside the timber zone, complementary non-timber values can be produced using relatively low impact management techniques.
These results have important implications for land-use zoning for forest management in British Columbia. Zoning can provide an incentive to invest resources in intensive management in areas dedicated to commercial timber production while enhancing the flow of other resource values from the unit as a whole. With careful zoning for timber, areas can be avoided where visual quality, wildlife, water, or other values are particularly sensitive. This may be impossible with current management regimes where all areas must be managed for multiple values in order to maintain timber harvests.
Establishing timber zones has important implications for short-term timber harvesting levels. Within the timber zone, above-average sites carrying high volumes of valuable old-growth timber, hitherto locked up by adjacency constraints, would become available for harvest thus averting immediate declines in allowable annual harvests. 4 Zoning would also help lay the foundation for much needed Crown forest tenure reforms. Reducing
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the externalities increasingly associated with timber production (Haley and Luckert 1995a) would allow policy makers to separate more clearly public and private responsibilities for Crown forest lands. Within timber zones, it is possible to grant both industrial and non-industrial tenures, which provide rights to harvest and cultivate commercial timber crops (Haley and Luckert 1995b) . Clearly, minimum standards of performance would have to be enforced on such tenures to protect the public interest. However, the simpler product mix, combined with greater assurance that the timber land base is protected, would decrease the level of uncertainty currently surrounding the production of commercial timber and reduce the need for public regulations with their high compliance and enforcement costs (see Haley 1996; KPMG 1997; van Kooten and Wang 1997) . Such measures would provide a more stable and friendly environment for private investment in timber production than prevails within British Columbia's current political environment.
In areas outside the primary timber zones, where the production of non-timber values (mostly public goods) would dominate, other tenure arrangements could be developed. These would emphasize more direct public management either by the Ministry of Forests, or, as suggested by the Forest Resources Commission (Haley and Leitch 1992) , by an omnibus Ministry of Renewable Natural Resources.
The implications of the type of land-use zoning described above for the economy of the province and the sustainability of all forest resource values are immense. The empirical evidence presented in this paper is drawn from one case study with a limited geographical focus and it would be unwise to directly extrapolate the results to other regions where forest ecosystems and management imperatives differ. Nevertheless, the positive results of the case study suggest a need to consider further the concepts introduced here in other parts of the province. Current timber harvests of some 70 million m 3 per annum could be produced from about 15 million hectares of forestland, comprising, say, 11 million hectares in the interior (with an average mean annual increment of 4 m 3 per hectares) and 4 million hectares on the Coast (6.5 m 3 per hectares). This constitutes about 30 percent of the provincial land base suitable for timber production or about 62 percent of the area currently managed for timber.
NOTES
This paper enlarges on Sahajananthan (1995) and was produced, in part, as a working paper distributed by Natural Resources Canada (Sahajananthan, Haley and Nelson 1996) .
